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Abstract 

The aim of this study was to investigate how speed affects rein tension in tölt in a group of 

Icelandic riding horses. Rein tension was measured at two different speeds in tölt, speed 1 

(mean 3.36 ± 0.47 m/s) and speed 2 (mean 4.77 ± 0.39 m/s), in seven Icelandic riding horses. 

The hypothesis was that there would be greater average rein tension at speed 2 compared to 

speed 1. One professional rider rode all horses on a 30 m track in an indoor riding arena, 

where rein tension measurements took place with a rein tension meter from Centaur ©, type 

S2013. All horses went through the same warm-up procedure. No significant differences were 

found between speed 1 and 2 in average rein tension (16.58 ± 5.72 vs. 16.15 ± 6.21 N), 

average maximum rein tension (37.05 ± 12.88 vs. 34.89 ± 9.95 N), and average amplitude 

(34.19 ± 12.00 vs. 30.56 ± 8.11 N). Average minimum rein tension differed between speed 1 

and 2 (0.91 ± 1.81 vs. 0.36 ± 0.22 N; p<0.05). In speed 1, the average left minimum rein 

tension was higher than average right minimum tension (p<0.05), and there was greater 

amplitude on the right rein compared to the left rein (p = 0.0095). A tendency for higher 

average maximum right rein tension than left rein tension came forth in speed 1 (p = 0.0855). 

To conclude the results of this study suggest that speed does not affect rein tension in tölt, 

which might be explained by a small sample size, individual differences within the group of 

horses and a narrow speed range. Further investigations of rein tension in tölt in Icelandic 

horses in relation to speed are necessary in order to provide more knowledge on the matter 

and take the welfare of horses into account.  

Keywords: Icelandic horse, rein tension, tölt, speed, signals 
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Samantekt 
Markmið þessarar rannsóknar var að kanna hvort og þá hvernig hraði hefur áhrif á 

taumþrýsting á tölti í hópi íslenskra reiðhesta. Taumþrýstingur var mældur á mismunandi 

hraða á tölti, það var hraða 1 (meðaltal 3,36 ± 0,47 m/s) og hraða 2 (meðaltal 4,77 ± 0,39 m/s) 

hjá sjö íslenskum reiðhestum. Tilgáta rannsóknarinnar var að það væri hærri 

meðaltaumþrýstingur á hraða 2 en hraða 1. Einn atvinnuknapi reið öllum hestunum á 30 m 

braut í reiðhöll, þar sem mælingar á taumþrýstingi fóru fram með taumþrýstingsmæli frá 

Centaur ©, gerð S2013. Allir hestarnir voru hitaður eins upp. Enginn marktækur munur fannst 

milli hraðanna tveggja í meðaltaumþrýstingi (16,58 ± 5,72 á móti 16,15 ± 6,21 N), meðaltals 

hámarkstaumþrýstingi (37,05 ± 12,88 á móti 34,89 ± 9,95 N) og meðaltals útslagi (34,19 ± 

12,00 á móti 30,56 ± 8,11 N). Það kom fram hærri meðaltals lágmarkstaumþrýstingur á hraða 

1 miðað við á hraða 2 (0.91 ± 1.81 á móti 0.36 ± 0.22 N; p<0.05). Meðaltal 

lágmarkstaumþrýstings á vinstri taum var hærra en á hægri taum á minnsta hraðanum, hraða 1 

(p <0,05) og það var meira útslag að meðaltali á hægri taum en vinstri taum (p = 0,0095) á 

þessum hraða. Það kom fram tilhneiging til hærri meðaltals hámarkstaumþrýstings á hægri 

taum miðað við á vinstri taum á hraða 1 (p = 0,0855). Niðurstöður þessarar rannsóknar benda 

til að hraði hafi ekki áhrif á taumþrýsting á tölti. Ekki er hægt að alhæfa út frá niðurstöðunum 

þar sem þær kunna að skýrast af því að úrtakið var lítið, eða af  einstaklingsmun milli hrossa 

og af þröngum hraðamörkum. Nánari rannsóknir á taumþrýstingi á tölti hjá íslenskum hestum 

í tengslum við hraða eru nauðsynlegar til að veita meiri þekkingu á taumþrýstingi og taka mið 

af velferð hrossa. 

 

Lykilorð: Íslenskir hestar, taumþrýstingur, tölt, hraði, ábendingar 
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“Tölt. Gjöf Frá Guðunum - En Fellur Ekki Af Himnum Ofan” 

Uppruni óþekktur 

 

“Tölt. A gift from the gods, but does not fall down from the sky” 

Unknown origin 
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Introduction 
 

In horse riding a communication system between horse and rider is necessary. The 

rider has to be able to control the direction of movement and speed of the horse (Clayton, 

Singleton, Lanovaz and Cloud, 2003). Through a range of signals the rider elicits responses 

from the horse, including go, stop, turn and go sideways. The signals emerge from the rider’s 

legs and through the reins and the seat of the rider (McGreevy, Christensen, von Borstel and 

McLean, 2018). Horse training is largely based on negative reinforcement (Mclean, 2003), 

where learning takes place because of a withdrawn stimulus (Chance, 1993). The horse learns 

how to go forward or sideways in order to release pressure from the rider’s leg(s) (McGreevy 

et al., 2018). It learns to turn in the direction of unilateral pressure and to stop in response to 

bilateral tension (Clayton et al., 2003) through rein and weight signals from the rider 

(McGreevy et al., 2018). The horse should learn to respond to cues in an appropriate way 

(Clayton et al., 2003). For this reason, mild pressure should always be used first in correct 

training, and soon the horse will strive to respond to light pressure in order to avoid stronger 

pressure. Avoidance of application of relentless pressure is key in equestrian technique 

(McGreevy et al., 2018).  

Devices used to convey the signals from the rider to the horse have been developed 

through time, for instance the bit (Clayton et al., 2003). The jointed snaffle bit is thought to 

have been in wide use in central Eurasia throughout the Early Iron Age (first millennium BC). 

Horse skeletons buried with bits between their teeth have been found in Altai and were dated 

fifth to third century BC (Levine, 2005). However, studies of much more ancient horse 

skeletons from Dereivka in Ukraine show damage on the occlusal surfaces of the second 

premolar teeth, which might be bit wear. There have also been discovered findings of what 

might be remains of bits in the same area. This could indicate a much earlier onset of 

domestication and use of bits, around 4000 BC (Azzaroli, 1985; Bennet, 1998; Anthony, 

2003). However, it is not certain whether the wear pattern on the horse skeletons’ teeth 

enamel were caused by bit wear or other reasons (Levine, 2005), for instance abnormal 

occlusion (Levine, Whitwell and Jeffcott, 2002), and whether what might have been 

cheekpieces really are remains of bits or have served another purpose (Levine, 2005). 

Domestication of the horse has most likely happened at several separate locations, according 

to genetic analysis (Jansen, Forster, Levine, Oelke and Hurles, 2002). There has not been 

found direct evidence (dateable artistic or textual evidence) dated to be more ancient than the 

end of the third millenium BC (Levine, 2005). Horses were likely first domesticated as a food 
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source (Azzaroli, 1985; Anthony, 2003). However, horses have made their impact on human 

history, as an instrument of transport (Anthony, 2003; Levine 2005).  

Although the bit has been in use for millennia, the horse’s mouth never adapted to 

have room for a bit (Clayton, 2005). Normally the oral cavity is filled by the horse’s tongue, 

but with a bit in the mouth, the tongue will be pressed against the bars of the mouth and the 

bit can also easily press up on the hard palate (McGreevy et al., 2018). Originally, it has been 

believed that the mouthpiece presses against the bars of the mouth, yet fluoroscopic studies 

have shown that the mouthpiece rests on the tongue (Clayton, 2005). A bit normally consists 

of a mouthpiece with a ring on each end. In the horse’s oral cavity there is an area where there 

are no teeth in the upper and lower jaws, of where the mouthpiece lies. The reins are attached 

to the rings of the bit on each side, and run to the hands of the rider (Clayton et al., 2003). The 

reins and the bit are potential instruments of negative reinforcement (McGreevy et al., 2018). 

Horses have a well developed sense of touch (Van Niekerk, 1980), especially in the mouth 

(Cook, 1999; McGreevy, 2004). When the rider applies tension to the reins, it leads to 

pressure on the oral tissue underneath the mouthpiece, more specific on the muscular tissue of 

the tongue, the gums and the underlying bone of the mandible. Excessive tension may lead to 

bruising of the soft tissues in the mouth or to the development of bone spurs on the bone lying 

underneath the bit (Clayton et al., 2003). Heavy-handed riding or use of inappropriate 

equipment may be associated with mouth pain of horses (McGreevy et al., 2018).  

Contact can be described as the connection from the rider’s hands to the horse’s mouth 

via the reins. Riders should strive to achieve the lightest contact possible, to prevent the horse 

from habituation to stronger tension (McGreevy, 2004), since contact does not mean leaning 

on the bit (Ödberg and Bouissou, 1999). Consistency concerning requests and timing of 

consequences makes the difference between good and excellent trainers (Mcgreevy, 2004). 

Inconsistency blurs the distinction of signals for the horse, and can have a detraining-effect on 

the responses. Exaggerated use of both reins with the purpose of making the horse going on 

the bit (Appendix B) can for instance lead to a detrained slowing-down response (McGreevy 

et al., 2018), as well as the quest for light contact disappears (Cook, 1999). The importance of 

true lightness, suppleness and discrete aids should be more widespread (Ödberg and 

Bouissou, 1999). Horses are trained to yield to bit pressure (Clayton et al., 2003). During 

foundation training of young horses, they have to learn to turn the forequarters by answering a 

signal of increased tension on a single rein at once, also referred to as opening rein or a direct 

turn. This early response is very important for the matter of creating safety in challenging 

moments. A range of other classically conditioned signals, as postural signals or the seat, also 
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plays an important role for the turn (McGreevy et al., 2018). Horses exhibit handedness like 

people, and find it easier to yield to one side. Training should aim to outlevel this sidedness 

by equalizing the response to the left and right rein signals (Clayton et al., 2003). 

Unfortunately, many riders use the single rein to bend the horse’s neck in an excessive way, 

for instance to stop, instead of using it for the original locomotory response, to turn the 

forequarters. This blurs the distinction of signals for the horse, and can have a detraining-

effect on the turn response. It is a key that the rider should never apply relentless pressure, as 

well as he should have sensitive and steady hands, that gives clear signals (McGreevy et al., 

2018). 

Part of contributing components to a neutral tension or contact, is the weight of the 

reins (Wynmalen, 1885; Warren-Smith, Curtis, Greetham and McGreevy, 2007; McGreevy et 

al., 2018). This means the rein tension can never be less than the weight of the reins (Warren-

Smith et al., 2007). The ideal of working only with the weight of the reins is solely achieved 

by few riders (Ödberg and Bouissou, 1999).  

The next part of the thesis will focus mainly on the Icelandic horse.  

 

Origin of the Icelandic horse  
 

Iceland was founded around AD 870-930, where settlers brought horses with them to 

Iceland in ships. These horses mainly originated from Norway and the British islands and 

were selected to the journey. Only a few horses could attend and the sailing was harsh, which 

meant that horses laying the foundation for the Icelandic horse breed were quality horses, i.e. 

stallions, good riding horses and mares of a good standard (Aðalsteinsson, 1981; Sveinsson, 

2010), for instance the mare Fluga mentioned in the Book of Settlements, or Landnámabók 

(Björnsson and Sveinsson, 2004). There has been no known import of horses to Iceland, since 

the settlement and horses exported from Iceland can never come back into the country. For 

that reason, the Icelandic horse is considered a pure bred horse, and it is the only horse breed 

in Iceland (Aðalsteinsson, 1981). The horse strain in Iceland was small at first, but increased 

quite rapidly, due to a big demand for riding horses to cover the long distances of the country. 

Seasonal changes and appearance of natural disasters have had an impact on the amount of 

horses throughout the ages. For instance, the number decreased rapidly after a cold period 

followed by a phase with a small feed supply called Móðuharðindin in AD 1783, in which 

fluorosis affected animals and men after the eruption Skaftáreldar. Under these conditions the 

Icelandic horse adapted to its environment tend to survive and produce more offspring, i.e. a 
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natural selection, which made him an excellent creature in tolerating low temperatures, in feed 

efficiency, he had to be robust and strong with good endurance and fertility. At least but not 

last, versatility of gaits was preserved. The Icelandic horse has five gaits: walk, trot and 

canter, as well as tölt and pace (Sveinsson, 2010). The general breeding goal for Icelandic 

horses today, is to breed a versatile and reliable horse, with clear consistent gaits, 

accompanied by a manageable yet lively temperament. The horse should be healthy, robust 

and durable, and the breeding aim is to keep all color variations within the breed and maintain 

good fertility (FEIF, 2019).  

Distinction between tölt and pace has not been used in the time of settlement 

(Björnsson and Sveinsson, 2004). Ferðaskeið or journey-pace has been used for both pace, 

tölt and gaits in between tölt and pace (Rostock and Feldmann, 1990). The first time tölt was 

mentioned in literature was in one of the early sagas, the Fjótsdæla saga from around AD 

1600 (Björnsson and Sveinsson, 2004). Pastors living in North Iceland in the 19th century 

were interested in breeding good riding horses with tölt and pace. Reverend (Rev.) Ásmundur 

Gunnlaugsson and Rev. Ólafur Þorvaldsson liked the gait tölt and called it hýruspor. The gait 

was also referred to as hlaupagangur, undirspor or yndisspor. Rev. Jakob Benediktsson, 

pastor in Glaumbær, was considered the first to call the gait ‘tölt’, and he played an important 

role in spreading knowledge about the gait by teaching others, breeding horses with the trait, 

and riding his horses in tölt. He was known as having good riding skills and his horses moved 

beautifully, as well as he could make horses pace very fast (Jónsson, 1946). Rev. Hallgrímur 

Thorlacius took office at Glaumbær aftur Rev. Jakob Benediktsson in 1894 and stayed until 

1935. He was also known for breeding good five-gaited riding horses. For riding, the ambling 

gaits were considered a valuable trait (Sigurðardóttir, 2011). One of the first written 

definitions of tölt comes forth by Theodór Arnbjörnsson in his book Hestar (1931), where he 

described tölt as a gait between walk and pace or walk and trot, pacetölt or trottölt. His 

definition of clean tölt is a gait with four footfalls in each stride with equal interval between 

them, where no aerial phases occur. This definition contains similar aspects of later 

definitions, based on gait analysis in studies of the Icelandic horses’ locomotion (Hildebrand, 

1965; Zips, Peham, Scheidl, Licka, and Girtler, 2001; Nicodemus and Clayton, 2003; 

Biknevicius, Mullineaux and Clayton, 2004; Reynisson, 2010). The tölt was furthermore 

distinguished into brokktölt (trotty tölt), skeiðtölt (pacy tölt) and hreinatölt (clear beat tölt) by 

Eggertsson and Bjarnarson (1953). The popularity of Icelandic horses in Europe has increased 

notably over the last decades, largely due to his coveted fourth gait, the tölt (Rostock and 

Feldmann, 1990; Zips et al., 2001; Kristjánsson, et al., 2014).  
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The gait tölt  
 

A gait is a way of moving the legs in running or walking (Hildebrand, 1965), and is 

defined by a cyclic limb movement pattern occurring in each stride (Imus, 1995). The gait tölt 

is one out of five gaits of the Icelandic horse (Clayton, 2004).   

Tölt is a four beat symmetrical gait with lateral sequence of footfalls (Clayton, 2004) 

and eight phases (Rostock and Feldmann, 1990; FEIF, 2019). A symmetrical gait has regular 

rhythm of left and right footfalls (Hildebrand, 1965; Clayton, 2004) and the left and right 

limbs move 180° out of phase (Hildebrand, 1965). The tölt should ideally have a regular 

rhythm with equal interval between footfalls in each stride (FEIF, 2019). The sequence of 

footfalls in tölt is identical to the one in walk: left hindleg, left foreleg, right hindleg and right 

foreleg (Rostock and Feldmann, 1990). Tölt is sometimes described as a running walk 

(Nicodemus and Clayton, 2003; Clayton, 2004; Biknevicius et al., 2004; FEIF, 2019). 

Unipedal support phases and bipedal support phases alternate. Double support phases of fore- 

and hindlegs are either diagonal or ipsilateral, and should be of approximately similar 

duration (FEIF 2019). Tölt is considered to be a gait without a suspension phase (Nicodemus 

and Clayton, 2003; Clayton, 2004; FEIF, 2019). Some therefore consider the gait a stepping 

gait (Nicodemus and Clayton, 2003). In a stepping gait, the horse’s body moves along a 

relatively flat trajectory and the horse’s weight is transferred smoothly from one limb to 

another. There are always one or two limbs in contact with the ground, that means no aerial 

phases occur, and the horse can move its trunk smoothly, which makes it easier for the rider to 

sit without uncomfortable bouncing (Clayton, 2004). In tölt, the horse moves with soft 

rhythmic movements that transports throughout the whole horse’s body ending in a 

characteristic tail movement. However tölt has half-suspension, both in front and hind, which 

makes the gait considered a running gait today (FEIF, 2019).  

Characteristics of ideal movements in true tölt is that the horse should move in balance 

with free and light movements of the front part, with a strong back and with active hind legs. 

A clear four-beat rhythm as well as suppleness and fluid movements also feature the ideal true 

tölt (FEIF, 2019).   

 

DMRT3 
 

Icelandic horses can be categorized as either five-gaited (walk, trot, canter/gallop, tölt 

and pace) or four-gaited (walk, trot, canter/gallop and tölt) (Andersson et al., 2012). In a range 
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of horse breeds, for instance Standardbreds, Nordic trotters and Icelandic horses, the ability to 

show ambling and lateral gaits is affected by a single base-pair mutation, more specific a 

change from cytosine (C) to adenine (A), in the DMRT3 gene (Jäderkvist et al., 2015). The 

frequency of the A-allele has increased in recent decades, while the frequency of the C-allele 

has decreased (Kristjánsson, et al., 2014). In a study made by Jäderkvist et al. (2015), 

homozygous (AA) Icelandic horses showed the lateral gaits tölt and pace significantly more 

frequent than heterozygous (CA) and wild-type (CC) horses in liberty and initial training.   

 

Speed  
 

In nature, horses change gait dependent on speed and energy conservation, which is 

the effort made in order to reduce the consumption of energy by using less of an energy 

service (Budiansky, 1997). With increased speed, most horse breeds transition to trot from 

walk, while many gaited horses, including the Icelandic horse, employ a symmetrical four-

beat gait with a lateral sequence footfall pattern (Biknevicius et al., 2004).  

Tölt can be performed in a various range of speeds (Clayton, 2004; FEIF, 2019), 

where the rhythm and limb-support sequences differ with speed (Clayton, 2004). The 

Icelandic horse has a wide speed range in tölt: from very slow tölt near walk tempo, to 

exceptionally fast tölt at trot or gallop tempo (Arnbjörnsson, 1931). Nevertheless, variation in 

talent for tölt occurs within the breed, which influences individual speed capacity (Rostock 

and Feldmann, 1990). In tölt competitions, three different speed categories of tölt are shown. 

In slow tölt, the horse should move forward in balance in an even four-beat rhythm, running 

fluently through the horse, with a rounded neck and back. The hindquarters should be well 

engaged with the stance phase of the hind legs being slightly longer than the stance phase of 

the front legs (FEIF, 2019). Ragnarsson (1981) evaluated the duty factor (DF), which is used 

to asses stance phases, of tölting Icelandic horses at different speeds, where it came forth that 

the DF ratio of the hind legs was longer than DF ratio of the front legs. Gunnarsson et al.  

(2018) however found that the difference between DF-hind and DF-front in tölt was less than 

one percent (44.8 ± 0.12% vs. 45.1 ± 0.14%), in a study where quantitative data for stride 

parameters of twenty-six Icelandic horses were collected in a field setting using IMU sensors 

(Gunnarsson et al, 2018). The horse should be able to move in tölt in balance at slow speed 

tölt in competition, with the speed corresponding to riding a 10 m circle. In medium tölt the 

strides are clearly lengthened and the horse is allowed to carry the head and neck more 

extended. The fast tölt is performed whereas the horse remains an even four-beat rhythm, but 
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lengthens the strides and extends the frame in order to go faster. In contrast to the slow tölt, 

diagonal bipedal support decreases and the stance phase of front and hind limbs becomes 

more even than at a slow tölt (FEIF, 2019).  

A regular rhythm with equal periods of lateral and bipedal support occurs in slow tölt, 

as well as periods with tripedal support (Nicodemus and Clayton, 2003). However, some 

horses show periods of bipedal support alternate with periods of unipedal support even when 

tölting slowly (Zips et al., 2001). Tripedal support distinguishes walk from tölt (Rostock and 

Feldmann, 1990), however an interphase between walk and tölt can occur when very slow tölt 

is ridden. If the horse supports itself on one front limb and both hind limbs, the half-

suspension at the hind has disappeared and tripedal support occurs. If tripedal support occurs 

when riding slow tölt in competition or breeding evaluation field tests, tölt is ridden slower 

than the requirements allow (FEIF, 2019). Nicodemus & Clayton (2003) found a clear tripedal 

support of 19% of the stride duration in slow speeds in tölt.  

At faster speeds the rhythm of the tölt can change, often to lateral couplets or, less 

often to diagonal couplets (Clayton, 2004). Arial phases may replace bipedal support phaces, 

in some horses (Zips et al. 2001). Suspension phases are nevertheless rarely seen in tölt and 

are considered as incorrect for tölt in Icelandic horses (Nicodemus and Clayton, 2003; FEIF, 

2019).  

According to Rostock and Feldmann (1990) the horse should move 200 m in one 

minute or what is equal to 3.33 m/s in working tempo tölt. In the medium tölt the strides 

should lengthen and in fast tölt, the horse reaches his peak speed and longest strides. Rostock 

and Feldmann (1990) suggested that with increased speed, unipedal support extends relative 

to the ipsilateral and diagonal stances, though the relation between the ipsilateral and the 

diagonal stance does not necessarily vary. In relation to the beat, it has an impact whether the 

ipsilateral stance is shorter (trotty tölt) or longer (pacey tölt) than the diagonal stance (Rostock 

and Feldmann, 1990). It is undesirable in competition and breeding evaluation field tests if the 

correct four-beat rhythm in tölt is lost, either with too short ground contacts of lateral limbs 

(pacey tölt) or if the interval between ground contacts of diagonal limbs is too short (trotty 

tölt). When tölt has a lateral couplet, the time interval between ground contacts of ipsilateral 

feet is shorter than 1/4 of the stride duration, while when it has a diagonal couplet, the time 

interval between ground contacts of lateral feet is longer than 1/4 (FEIF 2019). When the 

ipsilateral feet are closely related in time or when the LAP is below 19%, a lateral couplet 

occurs, while when the footfalls of the forelimb and the diagonal hindlimb are closely related 
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in time or when the LAP is higher than 31%, diagonal couplets occur (Hildebrand, 1965; 

Nicodemus and Clayton, 2003).  

In a study made by Zips et al. (2001) the motion pattern of twentythree Icelandic 

horses performing tölt at three different speeds, was investigated. The three speeds were 2,89 

m/s, 3,66 m/s and 4,71 m/s. In relation to the definition of tölt at that time, the horses only 

performed true tölt within the speed interval 2,41-4,20 m/s and solely two horses performed 

clear beat tölt at more than one speed categories (Zips et al., 2001). When a perfect four beat 

is achieved, lateral advanced placement (LAP) and diagonal advanced placement (DAP) 

should be 25% of a whole stride (Clayton, 2004). LAP and DAP concerns the connection 

between the front and hind limbs, whereas LAP is the time between footfalls of the hindlimb 

and the next landing lateral front limb, while DAP is the time between footfalls of the landing 

front limb and the next landing diagonal hindlimb (Hildebrand, 1965). The average speed of 

horses participating, that were considered to perform a 100% clean beat tölt was 3,26 m/s. 

However, in at least one speed category each horse performed suspension periods (Zips et al., 

2001), which is considered incorrect for tölt in Icelandic horses (FEIF, 2019). At high speed, 

60% of the horses performed four beat pace (Zips et al., 2001), which is similar to what 

Clayton (2004) and Rostock and Feldmann (1990) have suggested about tölt at faster speeds.  

Robilliard, Pfau and Wilson (2007) found that only two thirds of the participating 

horses in their study showed true tölt, where the rest showed either diagonal couplets or 

lateral couplets. True tölt was found within the speed range of 1.5 to 6.5 m/s., where LAP for 

the true tölt in that trial was 25.7%. However, it was found in a study by Reynisson (2017) 

that Icelandic horses with high quality tölt (score ≥ 9) in a test judged as a breeding evaluation 

field test, had a much wider range of speed (2.7 m/s – 9.14 m/s) and greater ability to increase 

stride length, compared to horses in low quality tölt (score ≤ 7.5; 3.31 m/s – 6.23 m/s). 

Moreover, the horses with high quality tölt maintained a clear four beat throughout the speed 

range (Mean LAP of 24.8 ± 2.3%).  

It has been found that when weight was added to a rider (BWR 20-35%) riding eight 

adult Icelandic riding horses in tölt (speed of 5.4 ± 0.1 m/s), the horses needed to compensate 

for the additional weight by changing their balance. With increased BWR, stride frequency, 

DF and bipedal support increased, while stride duration, stride length and unipedal support 

decreased, which might indicate that the horses moved with shorter but more frequent strides 

to maintain the aimed speed. Furthermore, based on these results, the horses might have 

become more earth-bound with less aery and light movements with increased BWR of the 

rider (Gunnarsson, Stefánsdóttir, Jansson and Roepstorff, 2017).  
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Guðmundsdóttir (2014) suggested that speed does not have a significant influence on 

the average rein tension in tölt and trot in Icelandic horses. The average speed of the horses 

investigated in that study was 3.61 m/s (± 0.15) in tölt and 3.63 m/s (± 0.21) in trot.  

 

Rein tension measurements  
 

The existing literature investigating rein tension propounds that rein tension differs in 

addition to which gait is ridden, the type of work or exercises performed, the training level of 

rider and horse, and that variations in rein tension appear between individuals (rider and 

horse). Rein tension have also been shown to vary between and within strides (Clayton et al., 

2003; Warren-Smith et al., 2007; Guðmundsdóttir, 2014; Egenvall, Roepstorff, Rhodin, 

Eisersiö and Clayton, 2016). The first study to investigate rein tension pattern within the 

stride was made by Clayton et al. (2003), where one distinct maximum peak rein tension 

value was found during each canter stride, correlating to the mid-stance phase of the diagonal 

pair of legs. Moreover Egenvall et al. (2016) found that the rein tension peaks in canter appear 

right before or right after the beginning of the vertical stance of the leading foreleg, as a 

consequence of the horse’s head and neck motion in canter. Kuhnke et al. (2010) measured 

average rein tension in canter to be 16.2 N. In a study by Warren-Smith et al. (2007) average 

rein tension was measured to be 6.3 N in trot, while Kuhnke et al. (2010) found an average 

rein tension of 10.7 N in trot. When looked solely at Icelandic horses, Guðmundsdóttir (2014) 

found an average rein tension in trot of 7.90 N, which lies in between the values found by 

Warren-Smith et al. (2007) and Kuhnke et al. (2010). Guðmundsdóttir (2014) found an 

average rein tension in tölt of 13.6 N at an average speed of 3.61 m/s (±0.15), which was 

significantly greater than the average rein tension in trot measured in that study. Magnúsdóttir 

(2016) measured an average rein tension of 23,06 N in middle tempo tölt in a group of 

Icelandic horses. Furthermore Guðmundsdóttir (2014) found that two tops in rein tension 

appeared in each stride of the tölt, as a consequence of unipedal support phases at the front.  

In relation to the horse’s training level, Egenvall et al. (2016) found that average 

maximum rein tension in young horses was higher compared to older horses in canter, but 

decreased with training. It has furthermore been shown that naïve two-year old horses were 

willing to apply up to 40 N to obtain a food reward in a voluntary test situation. However, the 

horses applied significantly less tension between tests gradually over three days, which might 
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indicate that the horses did not habituate to the tension, but rather learned to avoid the tension 

(Christensen, Zharkikh, Antoine and Malmkvist, 2011).  

 

The aim of this study  
 

Horses allow interventions that majority of other species would not tolerate. However, 

this might just relate to their remarkable abilities in habituation and associative learning 

(McGreevy et al., 2018). Horses can learn extraordinary behaviors (McGreevy, 2004), for 

instance to respond to signals from the rider’s hands through the bit and reins (McGreevy et 

al., 2018). More knowledge on the subject is crucial, because the rider’s perception of rein 

tension has been shown to be very different from tension data obtained (Clayton et al., 2003). 

Measurement of various pressures such as rein tension, could contribute to a better 

development of more advanced rider’s competence, which could have an indirect effect on 

horse welfare (Ödberg and Bouissou, 1999).     

  

The aim of this present study was to investigate whether speed affects rein tension in 

tölt in a group of Icelandic riding horses, when tölt is ridden at two different speed categories 

(speed 1: 3-3,5 m/s and speed 2: 4,5-5 m/s). The hypothesis was that there would be greater 

average rein tension at speed 2 compared to speed 1. 

 

 

Materials and methods  
Horses, rider and equipment  
 

Eight Icelandic riding school horses from Holar University took part in the 

experiment. Four geldings and three mares participated and the average age was 11.4 years (± 

3.8). Height at withers was 145 cm (± 4.24) on average. The average body weight of the 

horses was 408 kg (± 15.6) and their average body condition score was 3.4 (± 0.4). About 

three quarters of the year, the horses were in daily use for around 45 minutes each day four to 

five days a week. The horses had served as school horses for 4.4 years (± 2.6), when assuming 

they begin to function as school horse at the age 6.5 years. The results of this study were 

calculated from measurements of only seven of the eight horses, due to the fact that one horse 

showed too lateral beat at speed 2 and therefore it could not be categorized as tölting. This 
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exclusion was first and foremost based on visual observations by the researcher and by what 

the professional rider, who rode the horses, felt during measurements. Furthermore all 

measurements were video recorded with a high speed camera set to record 100 fps, where the 

beat in tölt of all horses was observed in slow motion afterwards in Tracker video analysis 

and modeling tool ©, to determine whether the horse’s footfall pattern could be chategorised 

as tölting. However, the stride parameters were not analysed. The recordings were made to be 

able to see, if certain peaks in rein tension appeared as a consequence of events out of the 

ordinary (a horse stumbling, for instance) and for the possibility of investigating rein tension 

in addition to footfall pattern.  

According to WorldFengur, an international database for Icelandic horses, six of the 

horses were predicted to be of genotype AA, while one was not categorized. All the horses 

were familiar with the environment where the experiment took place.  

A female riding instructor and trainer educated from Holar University, currently teaching at 

the university, rode all horses. The same saddle Draupnir Embla © was used on all horses, 

which was produced by a company that manufactures saddles for Icelandic horses. The 

bodyweight of the rider plus the saddle was 73.5 kg. All horses wore the same bridle during 

the experiment, of the type multibridle (Figure 1), because it had a throat latch where the 

transmitter of the rein tension meter could easily be attached. It was adjusted for each horse 

before each test. A single-jointed stainless steel snaffle bit (10.5 cm mouthpiece) was used on 

all horses. The reins were made of nylon webbing, were 2 cm wide and 260 cm long and 

weighed 220 gr (Figure 1).  

To perform the experiment a rein tension meter from Centaur ©, of the type S2013, 

with two sensors attached to the bit and reins was used. The sensors were connected to a 

transmitter, which was attached to the throat latch of the multibridle (Figure 1). A wireless 

connection between the transmitter and a computer made it possible to obtain the data 

immediately into a Centaur software (2016), where one could see the rein tension on a real-

time graph and save measurements of rein tension immediately after recordings. The 

computer was placed on a tribune close to the riding arena. The rein tension sensors were 

calibrated evenly to a baseline pole before the first test.  
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Figure 1: Rein tension meter (Centaur ©, type S2013) attached to a multibridle. The transmitter was 

fastened to the throat latch, and the sensors were attached to the bit and reins.  

 

Track and environment 
 

The experiment took place in an indoor riding arena (60x20 m) at Holar University 

between 19:54 and 21:01 o’clock the 7th of November 2019. A straight track (30x2 m) was 

measured and marked on both long sides of the arena (Figure 2), one for the rider to set the 

right speed and one for measurements. The rider had 20 m to reach the aimed speed before 

entering the 30 m track of measurement (Figure 2). The flooring in the riding arena was a 

blend of black beach sand, shell sand and pine chips. An automatic weather station (Art. no. 

36-3242, Model WH-1080; Clas Ohlson, Insjön, Sweden) was used to record temperature and 

humidity, in the beginning, middle and end of the experiment and an average was calculated. 

The average temperature in the riding arena was 12.5 °C (± 1.1) and the average humidity was 

43.7% (± 7.6), during the experiment.   

 

Transmittor 

Sensors 
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Figure 2: The riding arena with a marked 30 m track on each longside (one for adjustment of speed 

and one for measurements). The red line shows the track, where the rein tension measurement took 

place.  

 

Experimental design  
 

The experiment took place within standardized conditions, which means all horses 

went through the same routine. One horse was measured at a time and the order of horses was 

random. Every other horse started with measurement of rein tension in speed 1, while the 

other half started in speed 2 (Table 1). All horses were only ridden on left rein 

(counterclockwise direction). The warm-up consisted of a series of steps, consisting of a total 

distance of approximately 900 m. The horses were primarily ridden for a round in walk in the 

riding arena, then a round in working tempo tölt, followed by a round, where the rider had 

two tries on the 30 m tracks on the long sides to adjust to the aimed speed (speed 1 or 2). The 

track was marked with clear markings, and by stopwatch timing (cell phone, Samsung A8 ©) 

the speed was calculated by measuring time over a known distance. Then the actual rein 

tension measurement at the given speed took place on the main measurement track. The exact 

speed was written down and the horse was walked for half a round. Thereafter one round was 

used to adjust the next speed (speed 1 or 2), and finally one ridden longside was used to 

measure rein tension at the second speed. One of the participating horses that started with 

measurement in speed 2, was ridden in two extra warm-up rounds to optimize the ability to 

show regular beat at tölt in speed 2. Furthermore, another horse was ridden an extra warm-up 

round before speed 2, though it was ridden and measured at speed 1 first.      

 

30 m 20 m 10 m 
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Table 1. Experimental setup. The order of which speed category (speed 1, 3-3,5 m/s and speed 

2, 4,5-5 m/s) in tölt, seven Icelandic horses performed first and last in a rein tension 

measurement experiment   

      Speed category   

Horse     

1 1 2 

2 2 1 

3 1 2 

4 2 1 

5 1 2 

6 2 1 

7 1 2 

    
 

 

Data collection and handling   
 
The newton (1 N = 0.102 kg) is the international unit of force (McGreevy et al., 2018). 

In this case the force resulted from a physical interaction between the rider’s hands and the 

mouth of the horse, which means the contact force in the given situation was the rein tension. 

For that reason, rein tension was measured in Newtons (N) on each rein. The rein tension 

meter takes one hundred measurements per second. The transmitter transferred the data to a 

Centaur software (2016) in a computer in real-time (Figure 3), where the data from each 

measurement was saved and converted directly into Excel files. The overall average rein 

tension values of the seven horses were calculated out of the average values for each horse. 

Only values for left and right rein came forth in the data set, so the average total rein tension 

values had to be calculated first in all cases. The average maximum rein tension was 

calculated as an average of the highest measured rein tension value from each horse (average 

of left and right rein). The average minimum rein tension can be regarded as a baseline 

tension (Egenvall et al., 2016), and was calculated as an average of the lowest measured rein 
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tension value from each horse (average of left and right rein) in this particular study. The 

amplitude describes the difference between the lowest and highest values, in other words how 

big the rein tension tops were during the measurement. A real-time line graph showing the 

tops and low points came forth in the Centaur software (2016) on the computer during the 

experiment. The tops and lows were connected with lines (Figure 3). If the tops were big, one 

could conclude that the rein tension was unstable and vice versa (Personal communication, 

Gunnar Reynisson, 3 November 2019). 

 

 
Figure 3: A real-time line graph in the Centaur Software (2016) showing rein tension on left (green 

line and bar) and right rein (red line and bar) in tölt in an Icelandic riding horse.    
 

 

Statistical analysis and calculations 

 

Through Microsoft Excel, basic statistical analysis, t-tests and Wilcoxon signed rank 

tests were performed, where findings were considered significant if p<0.05 and a tendency 

was found when p= 0.05-0.1. A statistical package in Excel made for statistics course at Holar 

University was used (Thorarensen, 2018). Data were tested for normality and when the data 

was normally distributed, dependent samples t-tests were used to determine differences 

between rein tension at speed 1 and 2 (average rein tension, left and right rein tension, 

amplitude and maximum and minimum values). If the distribution of the data set did not 

approximate a normal distribution, the Wilcoxon signed rank test was used (average minimum 
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rein tension between the two speeds, and average minimum rein tension between left and right 

rein at speed 1).  

The speed of each horse was calculated as an average of the time measured with the 

stopwatch and the time of the rein tension measurement, along with distance was divided with 

time to convert to m/s. Average speed of all horses was then calculated. The average speed 

was 3.36 m/s (± 0.47) at speed 1 and 4.77 m/s (± 0.39) at speed 2.  
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Results 
 

Average rein tension did not differ between speed 1 and speed 2 in tölt (16.58 ± 5.72 

N vs. 16.15 ± 6.21 N; p = 0.8280; Figure 4). There was no difference between average left 

and right rein tension at speed 1 (15.14 ± 6.75 N vs. 18.02 ± 6.37 N; p = 0.2817), nor at speed 

2 (15.69 ± 6.70 N vs. 16.61 ± 6.27 N; p = 0.5385).  

There was no difference in average amplitude in tölt at speed 1 and speed 2 (34.2 ± 

12.0 N vs. 30.6 ± 8.11 N; P=0.38; Figure 4). There was greater amplitude on the right rein 

than the left rein at speed 1 (37.91 ± 13.42 N vs. 30.47 ± 11.04; p = 0.0095; Figure 4), but 

there was no difference in amplitude on right and left rein at speed 2 (31.90 ± 8.14 N vs. 

29.21 ± 10.38 N; p = 0.4693; Figure 5).  

 

 
Figure 4: Average rein tension and average amplitude at speed 1 (3.36 ± 0.47 m/s) and speed 2 (4.77 ± 

0.39 m/s) in tölt in a group of Icelandic riding horses. Average rein tension did not differ between 

speed 1 and speed 2 (p = 0.8280), nor average amplitude between the two speeds (p = 0.4693).  
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Figure 5: Average amplitude on left and right rein at speed 1 (3.36 ± 0.47 m/s; p = 0.0095) and speed 

2 (4.77 ± 0.39 m/s; p = 0.4693) in tölt in a group of Icelandic riding horses.   

 

Average maximum rein tension did not differ between speed 1 and speed 2 (37.05 ± 

12.88 N vs. 34.89 ± 9.95 N; p = 0.6299). At speed 1, a tendency came forth between average 

maximum rein tension at the right and left rein (40.33 ± 13.74 N vs. 33.77 ± 13.37 N; p = 

0.0855), but at speed 2 there was no difference between right and left rein (36.31 ± 9.74 N vs. 

33.47 ± 11.72 N; p = 0.3988).  

There was greater average minimum rein tension at speed 1 compared to speed 2 (0.91 

± 1.81 N vs. 0.36 ± 0.22 N; p< 0.05), and greater average minimum rein tension at the left 

rein than the right rein (1.61 ± 3.71 N vs. 0.21 ± 0.15 N; p< 0.05) at speed 1. There was no 

difference between average minimum rein tension on left and right rein in speed 2 (0.35 ± 

0.26 N vs. 0.36 ± 0.22 N; p = 0.8572).  

 

 

 

 

 

0	  

10	  

20	  

30	  

40	  

50	  

60	  

Speed 1 Speed 2 

R
ei

n 
te

ns
io

n 
(N

ew
to

n)
 

Left rein  

Right rein  



 25 

Discussion 
 

The hypothesis of the study was disproved as no differences in average rein tension 

was found between the two speeds, which might be an indicator of that speed does not affect 

rein tension in tölt in Icelandic riding horses. However the experiment was made with few 

participating horses (seven horses) and the training level of the horses might also play a part. 

The horses used in this study were all rather well educated and trained, since they serve as 

school horses at Holar University in their daily life. Warren-smith et al. (2007) found that the 

average rein tension measured in individual horses was influenced by the horse’s function 

(dressage, racing, pleasure riding or broodmare) and that previous training traits played a 

bigger role than how long time the horse had been in training. This might indicate that 

tensions used on horses may not decrease over time as the training level increases, though this 

diverges from the principle of habituation (Warren-Smith et al., 2007). However, this matter 

largely relies on equestrian technique, as well as sensitive and steady hands of the rider, that 

gives clear signals (McGreevy et al., 2018). The training of the school horses at Holar 

University focuses largely on strength and the quality of gaits (beat, rhythm and suppleness) 

with elements from dressage. For an average of approximately 4.5 years, the horses that were 

used in this particular study, had served as school horses. In the study by Warren-smith et al. 

(2007), the horses applying the least rein tension were used for dressage. Nevertheless, 

individual differences within the group of horses came forth in this study, i.e. how much rein 

tension they needed while tölting, which likely affected the results of this particular study.  

The average rein tension measured in this experiment was similar to earlier findings of 

rein tension in tölt in Icelandic horses. Magnúsdóttir (2016) measured an average rein tension 

of 23,06 N, in a study where rein tension was measured in a group of Icelandic horses, that 

performed middle tempo tölt. Four riders participated in this experiment, who all rode the 

same eight Icelandic horses alternately, of which they were told to ride straight and with 

rounded head and neck carriage, and the latter might explain the slightly higher average rein 

tension value in that particular study. Guðmundsdóttir (2014) measured average rein tension 

in tölt in a group of Icelandic horses to be 13.36 N (±6.14) at an average speed of 3.61 m/s 

(±0.15), which was a little faster than speed 1 (3.36 m/s, ± 0.47) in this particular experiment. 

The slightly lower average rein tension measured in tölt in the study by Guðmundsdóttir 

(2014) might be connected to a longer warm up period in that experiment, the ground 

material, the horse-rider connection or the group of horses, i.e. their previous training and 

individual needs for rein support in tölt. The different tölt speed performed in the studies by 
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Guðmundsdóttir (2014) and Magnúsdóttir (2016) might explain some part of the variation in 

average rein tension measured in the two studies. However, no specific value of speed was 

given in the study by Magnúsdóttir (2016), which makes it hard to compare. 

Icelandic horses can be classified as either four-gaited (walk, trot, canter/gallop and 

tölt) or five-gaited (walk, trot, canter/gallop, tölt and pace) (Anderson et al., 2012). All 

heterozygous horses (CA) are four-gaited, while the AA-allele is permissive for pace 

(Anderson et al., 2012), however few horses with the CA genotype have apparently been 

classified as five-gaited (Kristjánsson et al., 2014; Jäderkvist et al., 2015). In a study by 

Jäderkvist et al. (2015), a strong correlation between gaitedness and DRMT3 genotype came 

forth. It would have been preferable to use a mix of genotypes of the AA genotype and CA 

genotype (prediction in WorldFengur, the international database for Icelandic horses, or DNA 

testing) in this particular experiment. AA horses find it naturally easier to tölt and often have a 

greater speed capacity in tölt than CC and CA horses (Kristjánsson et al., 2014; Jäderkvist et 

al., 2015), which might affect the amount of rein tension needed to support the horse while 

tölting. However, the frequency of the A-allele has increased in recent decades while the 

frequency of the C-allele has decreased (Kristjánsson et al., 2014), which also made it 

complicated in this case to find CA horses to participate in this particular study, because the 

majority of school horses at Holar University are homozygous (AA). Though six out of seven 

horses in this particular study were classified as of the genotype AA (prediction in 

WorldFengur), two of them were shown as four-gaiters at a breeding evaluation field test with 

5 for pace and 8,5 and 8 for tölt. Three of the horses had prior to the study competed in tölt 

competition (T3, T1, T4), four gait (V2, V1) and/or B-flokkur (Gæðingakeppni), but none of 

them had competed in competition forms including pace (WorldFengur, 2019). Five-gaited 

horses are sometimes shown in breeding evaluation field tests as four-gaiters if they only have 

capacity for low quality pace. However this leads to an overestimation of four-gaitedness 

within AA horses, in addition to when gaitedness is determined by breeding evaluation scores 

(Jäderkvist et al., 2015). All of the horses taking part in this study had individual styles of tölt 

pattern, but showed acceptable beat in tölt in the experiment, which was estimated visually by 

the researcher and by the feeling of the beat by the professional rider, and later confirmed 

through assessment of video recordings. However, there was not performed an analysis of 

stride parameters, which would have given a more precise evaluation. One horse was 

excluded, due to too pacey beat in speed 2.  

There are various ways to perform tölt, because of a natural variability within the gait 

(Nicodemus and Clayton 2003). Performance variation is twice bigger in equine gaits than in 
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any other species, and even broader in the gaited breeds, according to Hildebrand (1965). The 

wide range of individual differences in gait pattern at tölt might have an impact on how much 

rein support the horses need at different speeds, as well as their natural ability to tölt. The tölt 

should have a regular rhythm with alternating periods of unipedal and bipedal support phases 

(FEIF, 2019). Zips et al. (2001) found that in faster speeds, the rhythm of the tölt can change, 

often to lateral couplets or, less often to diagonal couplets. Through assessment of the video 

recordings of measurements from the experiment performed for this study, it came forth that 

the rhythm of most participating horses changed slightly towards lateral couplets with 

increased speed (five out of seven horses). An analysis of stride parameters was not made 

though. In the study by Zips et al. (2001) a group of horses were studied through analysis of 

stride parameters at three different speeds (working, medium and extended), where only seven 

out of twenty three horses tölted with the accepted tölt pattern at one or two speeds. One to 

three gait variations at each tölting speed came forth, when looked at the group in general. 

Based on these results, one could assume that speed affects rhythm and thereby beat in many 

Icelandic horses, including the horses participating in the experiment of this thesis. However 

Reynisson (2017) found that Icelandic horses with high quality tölt (score ≥ 9 in a test judged 

as a breeding evaluation field test) could tölt with a clear four beat at various speeds.  

Biknevicius et al. (2004) and Reynisson (2010) found that stride length increased 

linearly with speed in tölt and Reynisson (2010) also found that DF ratio decreased with 

speed, which might indicate that the horses were more over the ground, or in swing phases, 

and less earth bound with increased speed. This aspect might influence the rein tension pattern 

in tölting horses, since Guðmundsdóttir (2014) found that when half suspension at the front 

took place, low points in rein tension appeared, whereas when unipedal support occurred at 

front, tops appeared. Accordingly, rein tension might be less at faster speeds, due to shortened 

limb contact with the ground. The results from this thesis however suggest that speed does not 

affect rein tension in tölt. It also came forth in a study by Egenvall et al. (2016), concerning 

rein tension in canter, that lengthened strides lead to higher minimum, maximum and 

amplitude rein tension values, compared with collected or working canter strides. However 

the canter movement of the horse’s body is very different from the movements in tölt. The 

higher measured rein tension values corresponding to increased speed in the study by 

Egenvall et al. (2016) might as well be a consequence of increased head acceleration at faster 

speeds in canter.  

The rider taking part in this experiment, expressed unsureness about which head and 

neck position of the horses was desired during measurements of rein tension. Ahead of the 
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experiment the rider was told to maintain the horses on the bit (Appendix B) throughout the 

test, which might have been a too unspecific description, because it is possible to ride horses 

with different head carriage at tölt. The conditions of this particular study are similar to the 

ones in sport competition for Icelandic horses, for instance the range of speed. In the rules and 

regulations for sport competition for Icelandic horses, the description of how the horse should 

carry itself in tölt in general is: “The horse moves forward in an open form with a relaxed 

topline and neck” (FEIF, 2019). In slow tölt, which speed 1 in this particular study might 

correlate to, the description is: “The neck should be arched and the back active and rounded, 

the whole topline being without tension” (FEIF, 2019). The description of medium tölt, which 

speed 2 in this study might be comparable to, is as follows: “The rider allows the horse to 

carry the head and neck more extended, with a strong and active back and suppleness” (FEIF, 

2019). These guidelines could have been used more excessive when preparing for the 

experiment of this study to provide better instruction for the rider taking part. The horses were 

ridden on the bit (Appendix B), but in a quiet open form in general. The horses were more 

arched and rounded in speed 1 than in speed 2 in general, where the rider gave them more 

space to being able to move forward, which resulted in a longer and higher head and neck 

position. This observation of the horses’ head and neck carriage was estimated visually and on 

recordings by the researcher. The fact that there was no difference between average rein 

tension at speed 1 and 2, even though the horses were ridden more arched in speed 1, might 

indicate that speed does not affect rein tension in tölt. However lots of individual differences 

in rein tension in tölt, that came forth, makes it hard to draw conclusions in general.  

If the horses in this study had been warmed up for a longer period, the results might 

have changed slightly. The rider expressed that the warm-up procedure was somewhat to 

short, in order to loosen up the horse both regarding working the horse on the bit (Appendix 

B) and on the aids and in addition to the beat of the gait. If the horses had been allowed to trot 

or canter in the warm-op, it could have had a positive effect on the beat of the gait. 

Nevertheless beat was not a main focus area of this experiment though it was a condition that 

the horses should tölt with an acceptable tölt beat. The horses that began with performing 

speed 2 in tölt might have needed a little extra time to warm up, before performing medium 

tölt. One horse had to be ridden for two extra warm-up rounds to be able to show regular beat 

at tölt in speed 2, which might have been unnecessary with longer warm-up time. Another 

horse had to be ridden an extra warm-up round before speed 2, though it was ridden and 

measured at speed 1 first. The extra measurement took place because of complications with 

adjusting to the aimed speed. This horse had short intervals of ground contacts of diagonal 
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legs, and it found it rather hard to stay in the gait for a longer time. For this particular horse, 

the length of the warm-up in tölt seemed quite well fitting. This was the only horse, which had 

no prediction in WorldFengur concerning genotype, but it might be incidentally and it is not 

known whether it would be categorized as AA or CA if it had one. However this particular 

horse had been shown in a breeding evaluation field test as a four-gaiter with 5 for pace and 8 

for tölt at a younger age (6 years old) (WorldFengur, 2019).  

The fact that there was greater amplitude on the right rein than the left rein at speed 1, 

could indicate that the rider used more rein signals at this speed. The horses were ridden on 

the left rein, but on a straight track, so the higher amplitude on right rein could be caused by 

rein signals to make the horse stay on the track close to the barrier. The rider also maintained 

the neck more arched and round in general in speed 1 than in speed 2, estimated by the 

researcher, which might have required more active rein signals from the rider, and caused the 

rein contact to be more unstable. Nevertheless, there was no significant difference in average 

amplitude (left and right rein) between the two speeds.  

Within the group of horses, the amplitude was numerically higher on the right rein 

than the left rein concerning most horses (seven in speed 1 and five in speed 2) at both speeds. 

This could be an incident, but could also be connected to the rider. The sensitivity of rider’s 

hands is connected to handedness (Weber, 1978; Kuhnke et al., 2010), to grip force, i.e. the 

impression of how hard an object should be held to hinder slippage, to whether the object is 

static or dynamic and to the texture of the surface of the object (Flanagan and Wing, 1997). It 

could have been necessary to apply more specific instructions for the rider to try to keep the 

horse straight and correct the horse as little as possible, in order to investigate the natural rein 

tension pattern of tölting Icelandic horses in addition to speed. Then again, a longer warm-up 

period might have been essential for the rider to be able to meet these requirements. The fact 

that the horses were only ridden on the left rein, might explain the more unsteady connection 

on the right rein, in order to keep the horse on the track close to the barrier. Horses exhibit 

handedness like people, and find it easier to yield to one side (Clayton et al., 2003), which 

could also have had an impact on the results of right and left rein differences. In a study by 

Magnúsdóttir (2016) it came forth that rein tension was largely influenced by the horse’s 

asymmetry, and the rider influenced the difference at left and right rein little, as well as the 

riders maintained an even rein contact. The right-left variation in amplitude could moreover 

be connected to whether the equipment had been calibrated correctly.  

At speed 1 there was a tendency for higher average maximum rein tension on the right 

rein compared to average maximum rein tension on the left rein, which indicates that further 
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investigation of that matter could be constructive. The average maximum rein tension values 

at both speeds measured in this study were rather similar to maximum rein tensions measured 

in earlier studies. Guðmundsdóttir (2014) found a similar average (left and right rein) 

maximum rein tension of 35.5 N (±18.11) in a study investigating rein tension in tölt at an 

average speed of 3.61 m/s (±0.15), which was a little faster than speed 1 (3.36 m/s, ± 0.47) in 

this particular study.  

A left-right difference came forth in average minimum rein tension, where the average 

minimum rein tension on the left rein was significantly higher than on the right rein. Egenvall 

(2016) suggested that the rider contributes more to the variation of minimum rein tension, 

since it is considered a baseline tension, while the horse has more influence on the variation of 

maximum rein tension, as well as on the variations in amplitude, corresponding to the 

mechanical movements of the head and neck relative to the trunk in canter. 

 

Limitations 
 

The experiment of this study was made with a small number of horses, which makes 

the reliability of the results less credible. A wide range of individual differences in rein 

contact needed to perform the two different speeds in tölt also made it difficult to draw 

conclusions in general concerning the matter. There was numerically higher average (left and 

right rein) rein tension at speed 1 regarding two individual horses, and numerically higher 

average (left and right) rein tension at speed 2 regarding three horses, while two horses 

showed very similar numerical average (left and right) rein tension at the two speeds (0.82 ± 

0.31 N more rein tension on right rein in average of the two horses) (Table 2, Appendix A).  

The size of the riding arena (60x20 m), where the experiment took place in this 

particular study, was a limiting factor for speed of the horses. Two days prior to the 

experiment a pilot test horse was ridden to determine which speed range would be possible to 

employ in the actual experiment. It was hard to reach a speed faster than 5 m/s in the arena, 

when the pilot test horse was ridden, and in faster speeds than 5 m/s, the gait pattern changed 

to lateral couplets in this particular horse.  
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Future studies 
 

This study could be used as a pilot study for a further investigation with a bigger group 

of participating horses, where a pattern in rein tension in addition to speed might come forth. 

It could furthermore be interesting to measure rein tension in tölt in a more comprehensive 

group of horses, for instance including younger and less trained horses. In initial training of 

Icelandic horses, they learn to answer to cues to distinguish between which gait to choose, and 

they are also trained in tölting. Some find it easier than others, partly affected by the genotype 

(Jäderkvist et al., 2015). It could be constructive to examine how much rein tension young 

Icelandic horses require in the initial tölt training, in addition to how easy or difficult they are 

to teach to tölt.  Egenvall et al. (2016) indicated that the horse contributed to most of the 

variation in rein tension, which supports that the horse is responsible for the basic rein tension 

pattern during canter. Whether the horse’s locomotion in tölt causes the most variation in rein 

tension is not known, but could be of interest to investigate further. In a future study, it could 

be constructive to evaluate the beat in tölting Icelandic horses through analysis of stride 

parameters and compare it to the amount of rein tension required to perform tölt at different 

speeds. The measurements is this study were recorded on video, but since there came no 

significant difference forth between the two speeds, no further investigation of rein tension in 

addition to footfall pattern was made. To perform a similar experiment to this one outdoors 

with a wider speed range, could also be preferable, in order to determine speed dependent 

changes in rein tension in tölting Icelandic horses.  

 

 

Conclusion 
 

Speed did not affect rein tension in tölt in a group of Icelandic riding horses, which 

might partly be explained with the small sample size along with individual differences of the 

horses and a narrow speed range. Icelandic horses prompted to tölt can use a variety of 

footfall patterns, which might affect rein tension, when assuming the horse contributes 

somewhat to the variation in rein tension with its locomotion. Further studies with greater and 

a more diverse sample size, as well as a wider speed range, can presumable give more power 

and credibility in the statistical analysis. To provide more knowledge about rein tension is 

crucial in order to optimize the wellbeing of horses.  

 



 32 

References 
 
Aðalsteinsson, S. (1981). Origin and conservation of farm animal populations in Iceland. 

Journal of Animal Breeding and Genetics, 98, pp. 258-264. 

 

Andersson S.L., Larhammar M., Memic F., Wootz H., Schwochow D., Rubin C.J., Patra K., 

Arnason T., Well-bring L., Hjalm G., Imsland F., Petersen J.L., McCue M.E., 

Mickelson J.R., Cothran G., Ahituv N., Roepstorff L., Mikko S., Vallstedt A., 

Lindgren G., Andersson L. and Kullander K. (2012). Mutations in DMRT3 affect 

locomotion in horses and spinal circuit function in mice. Nature, 488, pp. 642-646. 

doi: 10.1038/nature11399 

 

Anthony, W. D. (2003). Bridling Horse Power. The Domestication of the Horse. In: HORSES 

through TIME. Ed: Olsen, S. L. London: Roberts Rhinehart.  

 

Arnbjörnsson, T. (1931). Hestar. Reykjavík, Iceland: Búnaðarfélag Íslands. 

 

Azzaroli, A. (1985). An early history of horsemanship. Leiden: Brill. 

 

Bennett, D. (1998). Conquerors. Solvang, Calif.: Amigo Publications. 

 

Biknevicius, A. R., Mullineaux, D. R., and Clayton, H. M. (2004). Ground reaction forces and 

limb function in tölting Icelandic horses. Equine Veterinary Journal, 36(8), pp. 743–

747. 

 

Björnsson, B. G. and Sveinsson, J. H. (2004). Íslenski hesturinn. Reykjavík: Mál og 

Menning.  

 

Budiansky, S. (1997). The nature of the horse: Exploring equine evolution, intelligence, and 

behavior. New York: The free press. 

 

Chance, P. (1993). Learning and Behavior. Belmont, USA: Brooks & Cole. 

 



 33 

Christensen, J., Zharkikh, T., Antoine, A. and Malmkvist, J. (2011). Rein tension acceptance 

in young horses in a voluntary test situation. Equine Veterinary Journal, 43(2), pp. 

223-228. 

 

Clayton, H. M., Singleton, W. H., Lanovaz, J. L. and Cloud, G. L. (2003). Measurement of 

rein tension during horseback riding using strain gauge transducers. Experimental 

Techniques, 27(3), pp. 34-36. doi: 10.1111/j.1747-1567.2003.tb00112.x 

 

Clayton, H. M. (2004). The dynamic horse: a biomechanical guide to equine movement and 

performance. Mason: Sport Horse Publications. 

 

Clayton, H. M. (2005). Bitting: The inside story. USDF Connection, December, pp. 28-32.  

 

Cook, W. R. (1999). Pathophysiology of bit control in the horse. J. Equine Vet. Sci., 19, pp. 

196-204.   

 

Egenvall, A., Roepstorff, L., Rhodin, M., Eiseriö, M. and Clayton, H.M. (2016). Maximum 

and minimum peaks in rein tension within canter strides. Journal of Veterinary 

Behavior, 13, pp. 63-71. doi: 10.1016/j.jveb.2016.03.007   

 

Eggertsson, B. and Bjarnason, G. (1953). Á fáki: Kennslubók í hestamennsku. Reykjavík, 

Iceland: Landssamband hestamannafélaga. 

 

FEIF (The International Federation of Icelandic Horse Associations). (2019). FEIF General 

Rules and Regulations 2019. Retrieved 15 November 2019 from: 

https://www.feif.org/files/documents/Judges%20guidelines%20for%20G%C3%A6%C

3 %B0ingakeppni%202012.pdf 

 

Flanagan, J. R. and Wing, A. M. (1997). Effects of surface texture and grip force on the 

discrimination of hand-held loads. Percept. Psychophys., 59, pp. 11-118.  

 

Guðmundsdóttir, H. H. (2014). Taumþrýstingur á tölti á íslenskum hestum (Unpublished 

B.Sc. thesis). Holar University, Hjaltadal, Iceland.  

 



 34 

Hildebrand, M. (1965). Symmetrical gaits in horses. Science, 150, pp. 701-708. 

 

Gunnarsson, V., Stefánsdóttir, G. J., Jansson, A. and Roepstorff, L. (2017). The effect of rider 

weight and additional weight in Icelandic horses in tölt: part II. Stride parameters 

responses. Animal, 11(9), pp. 1567-1572. doi: 10.1017/s1751731117000568    

 

Gunnarsson, V.,Tijssen, M., Björnsdóttir, S., Voskamp, J. P., Van Weeren, P. R., Back, W., 

Rhodin, M., Persson-Sjodin, E. and Serra Bragança, F. M. (2018). Objective 

evaluation of stride parameters in the five-gaited Icelandic horses. Abstract in: 10th 

International Conference on Equine Exercise Physiology. Comparative Exercise 

Physiology. 14 (Supplement 1), pp. S1–S114. doi.org/10.3920/cep2018.s1  

Retrieved from: https://www.wageningenacademic.com/doi/pdf/10.3920/cep2018.s1  

 

Imus, B. (1995). Heavenly gaits. New York: CrossOver Publications. 

 

Jansen, T., Forster, P., Levine, M. A., Oelke, H. and Hurles, M. (2002). Mitochondrial DNA 

and the origins of the domestic horse. Proceedings of the National Academy of 

Science, 99(16), pp. 10905-10910. Epub 2002 July 18.   

 

Jónsson, Á. (1946). Horfnir Góðhestar I. Iceland: Bókaútgáfan Norðri 

 

Jäderkvist, K., Holm, N., Imsland, F., Árnason, T., Andersson, L., Andersson, L.S. and 

Lindgren, G. (2015). The importance of the DMRT3 ”Gait keeper” mutation on riding 

traits and gaits in Standardbred and Icelandic horses. Livestock Science, 176, pp. 33-

39.  

 

Kristjánsson, T., Björnsdóttir, S., Sigurðsson, A., Andersson, L. S., Linfgren, G., Helyar, S. J., 

Klonowski, A. M. and Árnason T. (2014). The effect of the ‘gait keeper’ mutation in 

the DMRT3 gene on gaiting ability in Icelandic Horses. Journal of Animal Breeding 

and Genetics, 131(6), pp. 415-425. doi: 10.1111/jbg.12112 

 

Kuhnke, S., Dumbell, L., Gauly, M., Johnson, J. L., McDonald, K., and von Borstel, U. K. 

(2010). A comparison of rein tension of the rider’s dominant and non-dominant hand 



 35 

and influence of the horse’s laterality. Comparative Exercise Physiology, 7(2), pp. 57-

63. doi: 10.1017/S1755254010000243 

 

Levine, M. A., Whitwell, K. E. and Jeffcott, L. B. (2002). A Romano-British horse burial 

from Icklingham, Suffolk. Archaeofauna, 11, pp. 63–102. 

 

Levine, M. A. (2005). Domestication and early history of the horse. In: The Domestic Horse. 

The Origins, Development and Management of its Behavior, pp. 5-22. Eds: D.S. Mills, 

S.M. McDonnel. Cambridge University Press, Cambridge, UK.  

 

Magnúsdóttir, S. E. (2016). Samanburður á taumþrýstingi milli hliða hestsins (Unpublished 

B.Sc. thesis). Holar University, Hjaltadal, Iceland.  

 

McGreevy, P. (2004). Equine Behavior: A Guide for Veterinarians and Equine Scientist 

Edinburgh, UK: W.B. Saunders.  

 

McGreevy, P, Christensen, J. W., von Borstel, U. K. and McLean, A. (2018). Equitation 

Science. (Second edition). Oxford, UK: Wiley-Blackwell.  

 

McLean, A. N. (2003). The Truth about Horses, pp. 48-49. Melbourne, Australia: Penguin.  

 

Nicodemus, M. C. and Clayton, H. M. (2003). Temporal variables of four-beat, stepping gaits 

of gaited horses. Applied Animal Behaviour Science, 80, pp. 133-142.  

 

Ödberg, F. O. and Bouissou, M. F. (1999). The development of equestrianism from the 

baroque period to the present day and its consequences for the welfare of horses. 

Equine Veterinary Journal, 31(S28), pp. 26-30. 

 

Ragnarsson, S. O. (1981). The quantitative analysis of tölt and its characteristics at various 

speeds (Unpublished master's thesis). Agricultural University of Sweden.  

 

Reynisson, G. (2010). Hreyfigreining á feti og tölti íslenskra hrossa (Bachelor thesis). 

Agricultural University of Iceland, Hvanneyri.  

 



 36 

Reynisson, G. (2017). Analysis of movement in pace and tölt in the Icelandic horse (Master’s 

thesis). Agricultural University of Iceland, Hvanneyri.  

 

Robilliard, J. J., Pfau, T. and Wilson, A. M. (2007). Gait characterisation and classification in 

horses. The journal of experimental biology, pp. 187-197.  

 

Rostock, A. K. and Feldmann, W. (1986). Hesturinn og reiðmennskan (Pétursdóttir, H. and 

Behrens, P. translated). Reykjavík, Iceland: Ástund hf, Bókavirkið hf.  

 

Sigurðardóttir, S. (2011). Sögur úr Glaumbæ. Smárit Byggðasafns Skagfirðinga XIII. 

Skagafjörður, Iceland.  

 

Sveinsson, I. (2010). Hrossafræði Ingimars. Iceland: Uppheimar. 

 

Thorarensen, H. (2018). Tölfræði 2018c (Statistical package in Excel). Statistics course, Holar 

University, Iceland.  

 

Van Niekerk, H. P. (1980). Ethological studies within the man-horse relationship. Jornal of S. 

African Veterinary Association, 51, pp. 237-238.  

 

Warren-Smith A.K., Curtis R.A., Greetham L., McGreevy P.D. (2007). Rein contact between 

horse and handler during specific equitation movements. Applied Animal Behaviour 

Science, 108(2007), pp. 157-169. 

 

Weber, E. H. (1978). In: On the Tactile Senses. (Second edition). Eds. and translators: Ross, 

H. E. and Murray, D. J. London: Taylor and Francis on behalf of The Experimental 

Psychology Society.  

 

WorldFengur (n.d.). The studbook of Origin for the Icelandic Horse. Retrieved from 

https://www.worldfengur.com/ 

 

Wynmalen, E. H. (1985). Dressage: A Study of the Finer Points of Riding. California: 

Wilshire Book Company.  

 



 37 

Zips, S., Peham, C., Scheidl, M., Licka, T., and Girtler, D. (2001). Motion pattern of the toelt 

of Icelandic horses at different speeds. Equine Veterinary Journal, 33, pp. 109-111. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 38 

Table of figures 
 
Figure 1: Rein tension meter (Centaur ©, type S2013) attached to a multibridle. The transmitter was 

fastened to the throat latch, and the sensors were attached to the bit and reins…………….....….p. 18 

 
Figure 2: The riding arena with a marked 30 m track on each longside (one for adjustment of speed 

and one for measurements). The red line shows the track, where the rein tension measurement took 

place……………………………………………………………………………………….….......p. 19 

 

Figure 3: A real-time line graph in the Centaur Software (2016) showing rein tension on left (green 

line and bar) and right rein (red line and bar) in tölt in an Icelandic riding horse..….…...............p. 21     

 

Figure 4: Average rein tension and average amplitude at speed 1 (3.36 ± 0.47 m/s) and speed 2 (4.77 ± 

0.39 m/s) in tölt in a group of Icelandic riding horses. Average rein tension did not differ between 

speed 1 and speed 2 (p = 0.8280), nor average amplitude between the two speeds (p = 0.4693)..p. 23  

 

Figure 5: Average amplitude at left and right rein at speed 1 (3.36 m/s ± 0.47) and speed 2 (4.77 m/s, 

± 0.39) in tölt in a group of Icelandic riding horses…………………………………………..…..p. 24 

 

 

Table of tables 
 

Table 1. Experimental setup. The order of which speed category (speed 1, 3-3,5 m/s and speed 2, 4,5-5 

m/s) in tölt, seven Icelandic horses performed first and last in a rein tension measurement 

experiment…………………………………………………………………………….……....…..p. 20  

 

 
 

 

 

 
 
 
 
 
 



 39 

Appendix 
 
Appendix A:  

Table 2 

Average rein tension (N) at two different speeds (speed 1, 3.36 m/s ± 0.47 and speed 2, 4.77 m/s, ± 0.39) in tölt in Icelandic riding horses.  

 

 Speed 1       Speed 2       Speed 

1 & 2 

 L. RT1 

(N) 

SD R. RT 

(N) 

SD P-value Av. RT 

(N) 

SD L. RT 

(N) 

SD R. RT 

(N) 

SD P- value Av. RT 

(N) 

SD P-

value 

Av. RT.  

 

15.14 6.75 

 

18.02 6.37 0.282 16.58 5.72 15.69 6.70 16.61 6.27 0.538 16.15 6.21 0.828 

Av. 

AMP. 

30.47 

 

11.04 

 

37.91 

 

13.42 

 

0,010* 

 

34.19 12 29.21 

 

20.38 

 

31.90 

 

8.14 

 

0.469 

 

30.56  8.11 0.381 

 

Av. 

MAX. 

33.77 13.37 40.33 

 

13.74 0.086** 
 

37.05 12.88 33.47 

 

11.72 36.31 
 

9.74 
 

0.399 
 

34.89 9.95 0.630 
 

Av. 

MIN. 

1.61 
 

3.71 
 

0.21 
 

0.15 
 

0.05* 
 

0.91 1.81 0.35 
 

0.26 
 

0.36 
 

0.22 
 

0.857 
 

0.36 0.22 0.05* 
 

 
1L. RT= left rein tension, R. RT= right rein tension, Av. RT= average rein tension, Av. AMP. = average amplitude (difference between 
highest and lowest value), Av. MAX. = average maximum rein tension, Av. MIN. = average minimum rein tension  
*p < .05.    

**p < 0,05-0,1.  

 
 
Appendix B:  
 
On the bit 
A self-maintained head- and neck position, as a conseqense of correct training. The nasal 
planan should be approximately 12 degrees in front of the vertical at walk, and 6 degrees in 
other gaits. This posture improves the horse’s balance by shifting the horse’s centre of gravity 
towards the rider’s center of gravity and improves the horse’s willingness to respond to the 
signals from the rider’s hands, seat and legs.  
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